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(57) Abstract: A package having one or more 
integrated circuit photonic devices in a hermetically 
sealed enclosure. The photonic devices may be sources 
or detectors of light. The sealed enclosure consists 
of a transparent window attached to a first level 
housing. The transparent window contains patterned 
electrically conductive traces for purposes of routing 
electrical signals to and from semiconductor chip, 
which is bonded to patterned window. A second level 
housing is attached to die first level housing, and 
aligned via mechanical features incorporated with the 
transparent window. The second level housing provides 
a receptacle for a plug having light waveguides or 
optical fihers that are aligned with the photonic devices 
when inserted into the receptacle. One or more pins are 
inserted through the plug and the second level housing 
to secure the plug in the receptacle to the hermetically 
sealed photonic devices, such as VCSEL's on an 
integrated circuit semiconductor. 
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HERMETIC CHIP-SCALE PACKAGE FOR PHOTONIC DEVICES 

BACKGROUND 

The Government may have rights in this invention 
pursuant to Contract No. F30602-97-2-0120 r awarded by the 
Department of the Air Force . 

Optical coupling and electrical connections- t o "> 
photonic devices, particularly arrays of them on- a. single 
chip, are subject to environmental effects, electrical 
parasitics, and mechanical misalignment. There appears to 
be no adequate packaging approaches available to'' '■ 
effectively eliminate these problems and at the same time 
provide ruggedized, compact, high-performing and • reliable 
systems . 

SUMMARY OF THE INVENTION 
The invention is a hermetic packaging of optical 
emitters and/or detectors via bump bonding on an 
electrically patterned transparent window. It is to 
simultaneously provide sealed containment or hermeticity 
and optical coupling to VCSEL ' s or detectors, either in 
arrays or as single devices. These devices or device are 
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made of a semiconductor such as gallium arsenide. 
Hermeticity is often required for environmentally sensitive 
devices. No such hermetic array package is known. 

The semiconductor is bump bonded to a window patterned 
with electrically conductive traces, which is itself sealed 
at the periphery to a ceramic or similar package. 
Electrical connections to, say, multi-layer impedance 
controlled traces external to the sealed cavity are 
accomplished within the ceramic package. The window may be 
equipped with refractive or diffractive lenses to improve 
optical coupling into and out-of the package. The optical 
devices and corresponding lenses may be in the form of one 
or two-dimensional arrays. Fibers being optically 
connected to an array of devices may be in the form of a 
ribbon or cord having a multitude of fibers for conveying 
light to or from the devices. Mechanical features are 
included to provide passive or semi-active alignment to a 
second level package that encompasses the first level 
package containing the optical devices. The package may be 
used in conjunction with an optical back plane. This 
approach provides precision optical coupling alignment, 
mechanical ruggedness, compactness, optical and electrical 
isolation, very low parasitics, high speed performance, 
protection from moisture, humidity and other dehabiiitating 
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contaminants of the ambient environment, device 
reliability, and fabrication advantages. 

BRIEF DESCRIPTION OF THE DRAWING 

Figure la shows a hermetic lst-levei package for 
optical devices and their optical and electrical couplings, 
both to board-level electrical pads and to optical fibers 
via the indicated 2nd-level package assembly. 

Figure lb provides a view of the optical coupling 
between optical fibers and a photonic device. 

Figure 2a shows a window having metal traces and 
mechanical registration features formed- on it. 

Figure 2b reveals a housing having photonic devices, 
the electrical interconnects of which match up with the 
corresponding interconnects on the window. 

Figures 3a and 3b illustrate a housing having a pin 
arrangement for connecting and securing a ferrule or plug 
having the optical light wave guides or fibers that are 
brought next to the window. 

Figures 4a and 4b shows a perspective view of a plug 
and housing having the pin arrangement . 
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DESCRIPTION OF THE EMBODIMENTS 
Figure la shows a hermetic chip scale package 10 for 
photonic devices. To attain herrneticity and efficient 
optical coupling to a linear or 2-dimensional array of 
VCSEL' 5 11 and/or detectors 12, the semiconductor die 
containing the VCSEL' s or detectors is bump bonded to a 
partially metalized window 13 at electrically conductive 
bump 14. Window metallization 28 can be some combination 
Cr, Pt, Au, Ti, Cu, ITO, or Ni, either sputtered, 
evaporated, or plated. Window 13 is also sealed at the 
periphery to multi-layer ceramic package 15 with hermetic 
solder seal 16, while simultaneously completing chip-to- 
window electrical connection at conductive bump 14. Chip 
11, 12 is attached to ceramic package 15 via electrical 
and/or thermal connection 17- Chip 11, 12 is hermetically- 
sealed from an ambient environment 18 of device 10. 
Electrical connection 17 is connected to chip 11, 12 and to 
external pad 19 via conductive path 31. The pad at bump L4 
is also connected to electrical path 31 via conductive 
trace 28 from chip 11, 12 to pad 51, and thereby to 
external electrical connection pad 20 via path 31. A 
refractive and/or diffractive optical element 58 may be 
etched into or deposited on a surface of the window to 
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facilitate improved optical coupling efficiency. The 
package, so far described, is a first level package. 

A second level package is housing 21 and fits on and 
around the first level package encompassing chip 11, 12 
within a hermetic seal. Housing 21 is mechanically aligned 
with one or more keys 22 on window 13. Ferrule 23 is 
inserted within housing 21 and may be .slid into a position 
where an edge 2 4 of the ferrule buts up against key or keys 
22. Situated in ferrule 23 is a fiber or fibers 25, which 
convey light signals 26 from VCSEL' s 11, and/or light 
signals 27 to detectors 12. Housing 21" may be secured to 
the first level housing with glue,- adhesive or an epoxy. 
Once ferrule 23 is inserted all the way into housing 21, it 
may or may not be glued into place. 

Figure lb shows a closer view of the optical coupling 
between fiber 25 and photonic device 11, 12. Light comes 
or goes through core 53 of fiber 25. Cladding 54 covers 
and protects glass core 53. Cladding has an index of 
refraction so as to contain the light within core 53, 
Fiber 25 butts up against window 13. Window 13 has a 
thickness 55 that ranges from roughly 25 to 250 microns. 
The index of refraction of the material of window 13 is 
about 1.52. That index may vary dependent on the 
particular design of package 10. Between window 13 and the 
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emanating or sensing portion 5"7 of device 11, 12, there is 
a gap 56 of about 25 microns. 

Figure 2a shows window 13 onto which first level 
housing 15 is adhered via solder seals 16. Light signal 
source 11 or detector 12 is bump bonded to transparent 
window 13 via electrically conductive or metal traces 2B on 
the surface of window 13 and metal terminals 29 on chip 11, 
12 with solder bumps 14. Metalization strips 28 may have 
lateral dimensions of 20 to 50 microns, and thicknesses of 
less than 5 microns. Chip 11, 12, is typically between 3 
and 8 millimeters. Window 13 may be composed of a material 
such as quartz or sapphire. Solder ring 16 may be composed 
of tin in combination with lead, gold or silver. Solder 
bumps 14 may be composed of tin in combination with lead, 
gold or silver. 

Figure 2b illustrates housing 15 having optical 
devices 11, 12 with electrical connecting spots 58 that 
match up with conductive strips 28 so as to electrically 
connect sensitive areas 57 of devices 11, 12 with 
connecting spots 29. External connections 20 are connected 
in housing 15 to connecting spots 29. 

Figure 3a shows an embodiment 40, which utilizes a pin 
42 to hold plug or ferrule 43 to housing 41. Figure 3a 
shows a cut-away section along pin 42. Figure 3b, on the 
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other hand, shows a cut-away section along fiber 25 and 
emanation cr receptor area 57. Ferrule 43 has an edge 44 
which is butted up against bumper 45, which may be an 
elastcmeric seal, as shown in figure 3b. Pin 42 is 
inserted through an alignment hole 51 in ferrule 43 and 
alignment hole 52 in housing 41 and is secured in place 
with a retaining clip 46 inserted in notch 47 at the end of 
pin 42. Ferrule 43 is held firmly in place with the 
tension of a loading spring 48 between ferrule 43 and clip 
or shoulder 49 at the end of pin 42, which is opposite of 
the end having notch 47. Pin 42 and holes 51 and 52 
provide a less than the plus or minus five micron alignment 
between fiber 25 and VCSEL 11 or- detector 12 emanation or 
receptor area 57, respectively, as shown in figure 3b. 
Since ferrule 43 is not glued tc housing 41, it may be 
removed whenever desired by removing clip 4 6 from notch 47. 
Chip 11, 12 according to embodiment 40 is hermetically 
sealed. However, one may choose to have chip 11, 12 not 
hermetically sealed by replacing the multi-layer ceramic 
package with an FR4 or equivalent plastic package in cost- 
reduced embodiment 40. 

An arrangement, as shown in figures 4a and 4b, has one 
or more pins 42 holding a ferrule 43 with a fiber array 25 
to housing 41. Pins 42 and respective holes 51 and 52 are 

- 



WO 01/01497 



PCT/US00/I8O04 



placed on each side of fiber array 25 for secure, robust 
and precision alignment of fiber array 25 with lens 37 and 
sensitive or emanating area 57 of chip 11, 12. 

In another embodiment, plug or ferrule 43 may be part 
of a backplane, and housing 41 may be attached to an opto- 
component circuit board, which is plugged into the 
backplane via plug 43 and housing 41. 

Other embodiments and variants of the present 
invention, not disclosed here, are covered by the claims 
and only limited in scope by the claims, which includes all 
equivalents thereof. 
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THE CLAIMS 

1. A chip-scale package for photonic devices, comprising: 
a window; 

a chip fixed on said window; and 

an enclosure formed over said chip and on said window. 

2. The package of claim 1, wherein said chip is 
hermetically sealed by said window and enclosure. 

3. The package of claim 2, wherein said cover is sealed to 
said window at the periphery of said window by a sealing- 
type material . 

4. The package of claim 3, wherein said window has at 
least one conductive trace. 

5. The package of claim 4, wherein said chip comprises a 
photonic device, 

6. The package of claim 5, wherein said chip is connected 
to the at least one conductive trace. 

7. The package of claim 6, further comprising a housing 
formed around said window. 
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B. The package of claim 7, further comprising a ferrule 
having at least one optical fiber, which is placed against 
the said window. 

9. The package of claim 8, further comprising a lens 
formed on said window. 

10. The package of claim 9, wherein said ferrule is 
plugged into an opening formed by said housing. 

11. The package of claim 10, wherein the optical fiber is 
proximate to said window so that light from the fiber can 
go through the optical fiber and said window to photonic 
device, and so that light from the photonic device can go 
through said window and the least one optical fiber. 

12. A chip-scale package for photonic devices, comprising: 
a first housing; 

a chip attached to said first housing; and 
a window attached to said first housing. 

13. The package of claim 12, further comprising: 

at least one conductive trace formed on said window; and 
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the at least one conductive trace is connected to said chip 
and to a pad. 

14. The package of claim 13, wherein said first housing 
and said window form a hermetically sealed volume 
containing said chip. 

15. The package of claim 14, wherein the pad is situated 
externally relative to the sealed volume. 

16. The package of claim 15, further comprising a second 
housing attached to said first housing. 

17. The package of claim 16, wherein said chip has at 
least one photonic device. 

18. The package of claim 17, further comprising a ferrule 
having at least one optical waveguide. 

19. The package of claim 18, wherein said ferrule plugs 
into a portion of said second housing. 

20. The package of claim 19, wherein the at least one 
optical waveguide becomes aligned with the at least one 
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photonic device when said ferrule is plugged into the 
portion of said second housing. 

21. The package of claim 20, further comprising a pin for 
holding said ferrule in a plugged-in position in the 
portion of said second housing. 

22. The package of claim 21, wherein said window has at 
least one lens situated between the at least one photonic 
device and optical waveguide. 

23. The package of claim 22, wherein the at least one 
optical waveguide is an optical fiber. 

24. A hermetic chip-scale package comprising: 
a first housing; 

an integrated circuit mounted within said first housing; 
a window situated on said first housing; and 
wherein : 

said integrated circuit has at least one photonic device; 
and 

said first housing and window form a hermetically sealed 
enclosure around said integrated circuit. 
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25. The package of claim 24, wherein said window comprises 
at least one conductive trace connected to said integrated 
circuit . 

26. The package of claim 25, comprising a conductor 
connected to the at least one conductive trace, for 
providing a connection external to the hermetically sealed 
enclosure . 

21. The package of claim 26, further comprising a 
receptacle having said window situated at an end of said 
receptacle, wherein said receptacle has at least one 
alignment feature. 

26. The package of claim 25, further comprising a plug 
having an at least one optical waveguide, wherein said plug 
fits into said receptacle and is aligned with the at least 
one alignment feature such that one end of the at least one 
optical waveguide is appropriately proximate to said 
window . 

27. The package of claim 26, wherein the one end of the at 
least one optical waveguide is aligned with the at least 
one photonic device. 
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28. The package of claim 27, further comprising at least 
one pin securing said plug in said receptacle. 

29. The package of claim 23, wherein the at least one 
photonic device is a VCSEL. 

30. The package of claim 29, wherein: 

said first housing is composed of ceramic; and 
said window is composed of quartz. 

31. A chip-scale package for electronic devices, 
c omp rising: 

a transparent window having at least one conductive trace 

patterned on a surface of said window; 
a semiconductor chip fixed on said window having at least 

one terminal connected to the at least one conductive 

trace; 

an enclosure surrounding said chip and affixed to said 
window; and 

a conductive path from the at least conductive trace to an 
at least one pad on an external surface of said 
enclosure . 
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32. The package of claim 31, wherein said chip comprises a 
photonic device . 

33. The package of claim 32, wherein said window has at 
least one feature on the surface of said window for 
alignment . 

34. The package of claim 32, wherein Che conductive path 
is partially embedded in said enclosure. 

35. The package of claim 24, wherein the conductive path 
is connected to a pad on the external surface of said 
enclosure . 

36. The package of claim 35, wherein said enclosure has at 
least one pad connected to the at least one said conductive 
trace on said window. 

37. The package of claim 36, wherein said enclosure is 
sealed to said window at a periphery of said window. 

38. The package of claim 37, wherein said enclosure is 
sealed to said window at the periphery of said window by a 
solder-type material . 
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39. The package of claim 37, wherein said enclosure is 
sealed to said window at the periphery of said window by an 
adhesive-type material. 

40. The package of claim 37, wherein said chip is 
hermetically sealed by said window and ■enclosure . 

41. The package of claim 37, wherein said chip is 
environmentally sealed by said window and enclosure. 

42. The package of claim 40, wherein said window has at 
least one refractive optical element on the surface of said 
window . 

43. The package of claim 41, wherein said window has at 
least one refractive optical element on the surface of said 
window . 

44. The package of claim 40, wherein said window has at 
least one diffractive optical element on the surface of 
said window. 
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45. The package of claim 41, wherein said window has at 
least one diffractive optical element on the surface of 
said window. 

46. The package of claim 33, further comprising a housing 
attached to said enclosure. 

47. The package of claim 46, wherein said housing is 
mechanically registered to said enclosure by at least one 
feature on the surface of said window. 

48. The package of claim 47, further comprising a ferrule 
having at least one optical waveguide. 

49. The package of claim 48 r wherein the at least one 
optical waveguide is proxirnate to said window so that light 
from the waveguide can pass through said window to the at 
least one photonic device, and so that light from the 
photonic device can go through said window and to the at 
least one optical waveguide. 

50. The package of claim 49, wherein said window has at 
least one lens situated between the at least one photonic 
device and optical waveguide. 
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51. The package of claim 50, wherein the at least one 
optical waveguide is an optical fiber. 

52. The package of claim 49, further comprising at least 
one pin securing said ferrule to said enclosure. 

53. The package of claim 32, wherein the at least one 
photonic device is a VCSEL. 

54. The package of claim 31, wherein said enclosure 
comprises ceramic. 

55. The package of claim 31, wherein said window comprises 
quartz . 



19 



WO 01/01497 



1/4 



PCT/US00/180O4 





WO 01/01497 



PCT7US0 0/1 8004 



2/4 




Fig. 2 a 




WO 01/01497 



3/4 



PCT/US00/18O04 




WO 01/01497 



PCT/USOO/18004 



4/4 



40 



43 



44-/" 



14 



51 



49—^ 



48 
43 



45 



16 



44 



rasp- 



11,12 

35 



57 



41 



46 

47 



U 42 
16 



45 



41 



Fig. 3 b 




41 




Fig. 4a 



20 



~~^JI7 CP CP — U iJ U 

Fig. 4b 



INTERNATIONAL SEARCH REPORT 



Inlem lal Application No 

PCT/US 00/18004 



A, CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H01L31/0203 H01L33/OQ //G02B6/42 



According lo Inlemalional Palenl Classification (IPC) orlo bolh national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classical [on syslem followed by classification symbols) 

IPC 7 H01L G02B 



Documentation searched other than minimum documentation lo tne extent that such docume ills are included in Ihe fields searcned 



Electronic data base consulted during the international search (name of data base and. where practical, search terms used) 

EPO-Internal , PAJ, WPI Data, INSPEC 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Calegory D Cilalion ol docuinenl. wilri indicalion. where appropriate, of the relevant passages 



Relevanl lo claim No. 



EP 0 413 489 A (AMERICAN TELEPHONE & 
TELEGRAPH) 20 February 1991 (1991-02-20) 



figures 2,3,7,10 
column 1, line 12 - line 43 
column 7, line 12 -column 8, line 43 
column 8, line 51 -column 9, line 36 
column 10, line 10 - line 16 

PATENT ABSTRACTS OF JAPAN 

vol . 1995, no. 08, 

29 September 1995 (1995-09-29) 

-4 JP 07 134223 A (FUJITSU LTD), 

23 Hay 1995 (1995-05-23) 

abstract 

-/- 



1-11, 
24-27, 
31-33, 
46-52,54 



1-6,12, 

24-27, 

31,32 



Further documents are lisled in ihe continuation of bot C. 



Palenl lamily members are listed in annex. 



" Special categories ot cited documents: 

■A' document defining Ihe general slate ol Ihe art which is not 
considered lo be ot particular relevance 

"E" earlier document bul published on or after Ihe inlemalional 
filing dale 

"L" document which may throw doubls on priority clalmt.s) or 
which is c^ted to establish Ihe publication dale of another 
cilalion or olher special reason (as specified) 

"O* document referring to an oral disclosure, use, exhibition or 
other means 

*P" document published prior to lite international filing date bul 
lalerthan the priority data claimed 



"T* later documenl published after Ihe inlemalional filing dale 
or pnority dale and nol In conflict wiih Ihe application bul 
died to understand the principle or lhaory underlying Ihe 
invention 

■X" document ol particular relevance; Ihe claimed invention 
cannot be considered novel or cannal be considered lo 
involve an inventive step when Ihe document is laKen alone 

"Y* documenl ol particular relevance; the claimed invention 

cannol be considered to involve an inventive step when the 
documenl is combined with one or more other such docu- 
manls. such combination being obvious lo a person skilled 
In the art 

"A" documenl member of Ihe same patent family 



Dale of the aclual completion of the international search 



22 November 2000 



Dale of mailing ot Ihe international search report 



06/12/2000 



Name and mailing address ol Ihe ISA 

European Palenl Office. P.B. 5S1B Palenllaan 2 
NL - 2260 HV Ri[swi|h 
Tel. (+31-70) 340-2W0. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Visscher, E 



Form PCT/=SA/2i0 (&acond sheel > (July 1932) 



page 1 of 2 



INTERNATIONAL, SEARCH REPORT 



Intern ial Application No 

PCT/US 00/18004 



C.(Conlmuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ■ Citation of document, with indication, where appropriate, of Itie relevanl passages 



Relevant to &iaim No. 



DE 195 27 026 A (SIEMENS AG) 
6 February 1997 (1997-02-06) 



column 2, line 1 - line 22 
column 3, line 26 - line 44 

US 5 814 S70 A (SPAETH WERNER) 
29 September 1998 (1998-09-29) 



figure 1 

column 5, line 47 -column 6, line 65 

PATENT ABSTRACTS OF JAPAN 

vol. 009, no. 321 (E-367), 

17 December 1985 (1985-12-17) 

-& JP 60 153184 A (SUMITOMO DENKI KOGY0 

KK), 12 August 1985 (1985-08-12) 

abstract 

PATENT ABSTRACTS OF JAPAN 

vol. 014, no. 362 (E-0960), 

6 August 1990 (1990-08-06) 

-ft JP 02 126685 A (SEIKO EPSON CORP), 

15 May 1990 (1990-05-15) 

abstract 

PATENT ABSTRACTS OF JAPAN 

vol. 1998, no. 03, 

27 February 1998 (1998-02-27) 

-& JP 09 289330 A (NEC CORP), 

4 November 1997 (1997-11-04) 

abstract 



1-6, 
12-14, 
24,25, 
31,32 



1-6, 
24-26, 
31,32, 
34-36 



1-6, 

24-26, 

31-37 



1-6, 

24-26, 

31,32 



1,12,24, 
31 



1 



Form PCT,'!&V2 10 (ccnnnualion at second steel) (July ! 992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 



1. .formation on patent family members 


Intern -ial Application No 

PCT/US 00/18004 


Patgnt document 
cited In search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 



EP 0413489 A 20-02-1991 US 4995695 A 26-02-1991 

DE 69032033 D 19-03-1998 

DE 69032033 T 28-05-1998 

JP 2511563 B 26-06-1996 

JP 3095510 A 19-04-1991 



JP 07134223 A 23-05-1995 NONE 



DE 19527026 A 06-02-1997 W0 9704491 A 06-02-1997 

EP 0842543 A 20-D5-1998 
JP 11509687 T 24-08-1999 



US 


5814870 


A 


29- 


-09- 


-1998 


DE 


19600306 


C 


10- 


-04- 


1997 














EP 


0783183 


A 


09- 


-07- 


1997 














JP 


2991983 


B 


20- 


-12- 


1999 














JP 


9199626 


A 


31- 


-07- 


1997 


JP 


60153184 


A 


12- 


■08- 


-1985 


NONE 












JP 


02126685 


A 


15- 


-05- 


-1990 


NONE 












JP 


09289330 


A 


D4- 


-11- 


-1997 


NONE 













Form PCT/!SAf21Q (patent lamiV anner) (July 1992) 



